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Stable Isotope ratio databank 
for food authentication and 
traceability 
Federica Camin  
Methods/limits usable in official controls 
 EU Regulation 822/2004,  
 EU regulation and OIV methods for grape 
products.  
 internationally recognised rules or protocols (e.g. 
CEN)  
 methods agreed in national legislation  
 scientific protocols, after validation according to 
ISO 5725:1994 or the IUPAC International 
Harmonised Protocol 
Stable isotope ratios methods as official standards 
Reference data set: Isotopic Databanks  
 Robust databanks:  
 updated every year 
 methods officially recognized  (OIV, CEN, validated) 
 
 based on regulations (e.g. EU wine databank: EU 
Reg. 555/2008)  
 
 created by product-specific association or 
consortia (e.g. AIJN for fruit juices, Grana 
Padano PDO and Parmigiano Reggiano PDO 
cheese; asparagus; beef, pork; eggs) 
 
Legal definition of wine 
 OIV (18/73): 
 product obtained exclusively from the  alcoholic 
fermentation of fresh grapes, whether crushed or not, or of 
grape must. 
 
 It follows that it is not permitted: 
 the addition of non-grape sugars (e.g. from beet or cane) to 
wine and must 
 the dilution with water  
 
 Moreover, because PDO and PGI wines command a 
premium price, declaration of origin should be verified. 
Dordevic et al., ACA, 2013 
 (D/H)1 (D/H)2 δ
13C δ18O 
Wines, 95% CI  98.8 / 106 124.5 / 135.5 -29.3 / -24.3 -1.3 / 8.9 
Beet sugar 92.5  -27.5  
Cane sugar 109.5  -12  
Water (north Italy)    -9 
Water (south Italy)    -5 
 
Stable Isotope ratios for detecting sugar addition 
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EU wine databank: 
EU Reg n. 2347/91 
and 2348/91 
 Establishing a databank for the results of 
analyses of wine products by nuclear magnetic 
resonance of deuterium  
 
 Rules on the collection of samples of fresh grapes 
to be analysed by nuclear magnetic resonance of 
deuterium, the results of which analyses are to be 
entered in the databank set up at the JRC.  
(D/H)I  
(D/H)II 
EU Reg 1754/97 and 1932/97 amending  
EU Reg 2347/91 and 2348/91 
 Inclusion  of d18O and d13C in databank 
 
 The designated laboratories must satisfy the general criteria 
for the operation of testing laboratories set out in European 
standard EN 45001 and, in particular, take part in a 
proficiency testing scheme for isotope analysis methods. 
 
 The information contained in the JRC databank shall be 
made available on request to the official laboratories 
designed by the Member States.  
Wine Databank EC Reg. Nº 2729/2000 
Malta 
4 
Slovakia 
15 
Slovenia 
20 
Hungary 
50 
Czech Rep. 
20 
Cyprus 
10 
France 
400 
Germany 
200 
Italy 
400 
Spain 
200 
U. Kingdom 
4 
Austria 
50 
Greece 
50 
 Luxembourg 
4 
Portugal 
50 
Wine data Maintenance of databank 
Arbitration of disputes 
Analysis of samples 
Development and  
validation of methods 
Validation of data 
Training 
EC Reg. Nº 2120/2004 
 
Romania 
70 
Bulgaria 
30 
EC Reg. Nº 2030/2006 
 
EU REG 555/2008 
 every year  
 
 a number of samples representative of the wine production  
 
 officially collected by the relevant national competent 
authority.  
 
 Sampling design: 
 geographical distribution 
 variety 
 harvest period 
 
EU REG 555/2008 
 
 For each sample, about 10 kg of fresh grapes are harvested, 
vinified under controlled conditions and the resulting 
reference wines analysed in accredited laboratories using 
OIV methods 
 
 The data plus a number of metadata related to harvest and 
vinification are registered in the official databank that is 
managed by the European Directorate General, Joint 
Research Centre (DG JRC).  
 
 The communication of data from the EU-Wine databank has 
to be compliant with the regulation. 
 
Metadata 
Communication  
1. The information contained in the databank shall be made available on 
request to the laboratories designated by the Member States for that 
purpose.  
 
2. The JRC shall draw up and update on a yearly basis the list of the Member 
States laboratories designated for the preparation of samples and the 
measurements for the analytical databank.  
 
3. In duly substantiated cases, the information referred to in paragraph 1, 
when representative, may be made available on request to other official 
bodies in the Member States.  
 
4. Communication of information shall relate only to the relevant analytical 
data required to interpret an analysis carried out on a sample of comparable 
characteristics and origin. Any communication of information shall be 
accompanied by a reminder of the minimum requirements for the use of the 
databank.  
Definition of limits and 
compliance 
 selection of reference data 
 mean, median, std dev 
 computing 95% confidence authenticity limits (t-
student one/two tailed distribution) 
c) the result is outside the limit, but, adding the measurement uncertainty, is inside the limit 
d) the result and uncertainty are outside the limit  
 
 
 
 
 
 
 
 
 
 
 
Situations a and b do not cause any consequences since the results are in compliance with the  
a) b) c) d) 
Upper limit 
Lower limit 
 
= result 
= uncertainty 
Bivariate test 
MULTIVARIATE 
ANALYSIS 
Djordjevic et al., 2013, 
Australian Journal of Grape 
and Wine Research  
The “top ten” Italian PDO and PGI for 
sales 2012 
milions € 
Grana Padano 1.395 
Parmigiano Reggiano 1.357 
Prosciutto di Parma 992 
Prosciutto di San Daniele 302 
Mozzarella di Bufala Campana 288 
Aceto Balsamico di Modena 260 
Gorgonzola 249 
Mortadella Bologna 224 
Bresaola della Valtellina 215 
Mela Alto Adige 170 
Total (production costs) 5.453 
% of total 83,8 
Source: Osservatorio Ismea prodotti Dop e Igp 
Price of hard cheese 
Reference data  
Italy: 
 N. 1150 (200/ year) PDO 
Grana Padano  
 N. 65 Biraghi and Valgrana 
cheeses   
Czech Republic:  
N. 38 Gran Moravia  
Germany:  
N. 38 Hartkäse 
Austria: N.20 
Lithuania: 
N. 36 Goya + Dzjugas 
Latvia: N. 30 
Poland: N. 12 
France: N. 14 
China: N. 9, Japan: N. 2  
USA: N. 18, New Zeland: 2 
Russia: N. 12 
Belgium + Holland: N. 5 + 5 
Stable Isotope Ratios of Bioelements and 
Trace element 
34 
2H/1H 
 
 13C/12C 
 
15N/14N 
 
18O/16O 
 
34S/32S 
 
Li, Be, B, Na, Mg, P, K, Ca, 
V, Mn, Fe, Co, Ni, Cu, Zn, 
Ga, Ge, As, Se, Rb, Sr, Y, 
Mo, Pd, Ag, Cd, Sn, Sb, Te, 
Cs, Ba, La, Ce, Pr, Nd, Sm, 
Eu, Gd, Dy, Ho, Er, Tm, Yb, 
Re, Ir, Au, Hg, Pb, Bi, U  
•animal feed (corn) 
•provenance  
•Provenance 
•Cheese production technology 
(curdling, salting, migration 
from manufacturing equipment) 
 
SIRA determination:  IRMS 
Trace element determination: ICP-MS 
Validation of the methods 
 International collaborative study: 
 
 IUPAC protocol and the ISO Standards 5725/2004 and 13528/2005. 
 
 7 types of cheeses in blind duplicate 
 
 20 laboratories 
 
 H, C, N and S isotope ratios and 13 elements: Li, Na, Mn, Fe, Cu, Se, 
Rb, Sr, Mo, Ba, Re, Bi, U  
 
 Sr and SR are available 
 
 Submission of methods to UNI for recognition 
Camin et al., RCM, 2015 
Specification for PDO Grana 
Padano cheese 
 Isotopic ratios as official parameters for verifying the authenticity of 
PDO Grana Padano cheese in grated and shredded form 
 
 The variability ranges have been deposited in 2011 at the Italian Ministry of 
Agriculture, Food and Forestry  
 update: every 2 years 
 
 Not public 
Legal cases 
 Several for wine – must from 1990, some for 
vinegar: criminal or civil court 
 
 PDO cheese:  
 the consortium suspends the PDO licence for 6 months and 
asks for a fee. 
 the producer can be prosecuted in the court (Legislative Decree 
no. 297/2004, published in the Official Gazette of 15.12.04) 
 
Fruit Juices 
 Databank of EU project PURE JUICE stored by SGF International e.V. 
(Nieder-Olm, Germany) 
 
 AIJN limits 
 
 Procedure in legal cases: 
• Non compliance has to be confirmed in two laboratories 
• Agreement with producer 
• If not, punitive  review desist 
• Only if producer does not sign it or give reason for complaints after having 
signed it, SGF initiates a court case. 
Isotope databank for Italian PDO/PGI 
extra-virgin olive oils 
• from 2000 
• 170 sample/year 
• 39 PDO, 1 PGI 
• Metadata (producer name, 
origin, variety, date of harvest, 
date of milling, denomination, 
production and mill systems) 
• H, C, O isotope ratios 
 
 
 
Case specific databanks 
 no standard methods 
 no extensive databank 
 
 created within the framework of a project  
 
 on requirement, to detect precise fraud cases 
Reliable databank 
It must be specified:  
 what an “authentic sample” means  
 what are the factors influencing the isotope variability  
 geographical origin,  
 climatic conditions,  
 soil pedology and geology  
 for animal products, the diet type  
 any possible effects of processing technology 
 
Together with analytical data, metadata which describe the sample’s 
history are essential.  
 
The most efficient procedure is to create yearly databanks especially 
for vegetable and fruit commodities 
Authenticity 
limits/compliance 
 Univariate data evaluation, based on calculation of arithmetic mean, 
median, standard deviation and confidence interval considering the 
Student-Factor (t-distribution).  
 
 95% confidence levels are considered appropriate for commercial 
samples which are produced in large batches and should therefore 
possess stable isotope data close to the mean values of authentic 
materials.  
 
 The test result can be very clear, in terms of true or false,  
 
 When it is suspicious or unlike, further investigations are needed, for 
example the initiation of paper traceability or forensic accounting 
procedures at the producers site.  
Authenticity 
limits/compliance 
 
 bivariate evaluation.  
 
 multivariate data evaluation.  
 valuable screening tool (e.g. when considering isotopic analysis together 
with mineral or metabolite profiles)  
 
 But, no harmonization and agreement for assessing and validating the 
results, whether unsupervised or supervised pattern recognition.  
 
 its application for official control still restricted because of its possible low 
acceptance at court, especially in the context of reliably combining 
measurement uncertainty budgets for a large number of variables.  
 
 
Conclusions 
 Isotopic methods are official standards 
 
 Robust and official databank 
 
 Many applications in legal cases  
 
 Some legal cases also when methods and databanks 
are not official standards 
 
 Future: ISOSCAPES 
